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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for executing a 
TBC on a surface of a gas turbine blade having a cooling hole. 
SOLUTION: Packing having a means removable later is filled in the 
cooling hole of the gas turbine blade having the cooling hole, a 
backing metallic layer is formed on the surface of the 
packing-applied gas turbine blade by thermal spraying, a heat 
insulating covering is formed on a surface of this backing metallic 
layer by thermally spraying a ceramic material mainly composed of 
zirconia, and blocking-up of the cooling hole is prevented by lastly 
removing the packing. 
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CLAIMS 

[Claim(s)] 

[Claim 1]A cooling hole of a gas turbine vane which has a cooling hole is filled up with stuffing which has a 
means which can be removed behind, Carry out thermal spraying of the substrate metal layer to the surface 
of a gas turbine vane filled up with said stuffing, and it is formed in it, An execution method of thermal 
insulation covering of a gas turbine vane which has a cooling hole preventing a blockade of said cooling hole 
by carrying out thermal spraying of the charge of a ceramic material which uses zirconia as the main 
ingredients to the surface of this substrate metal layer, forming thermal insulation covering in it, and finally 
removing said stuffing. 

[Claim 2]An execution method of thermal insulation covering of a gas turbine vane which has the cooling 
hole according to claim 1 forming with material carbonized when stuffing is heated in a carbonaceous 
material and/or a non-oxidizing atmosphere. 

[Claim 3]An execution method of thermal insulation covering of a gas turbine vane which has the cooling 
hole according to claim 2 carrying out blast processing of the surface of a gas turbine vane which should 
carry out thermal insulation covering after hardness of a carbonaceous material after carbonizing a 
carbonaceous material and/or material to carbonize is filled up with stuffing which is size, respectively. 
[Claim 4]An execution method of thermal insulation covering of a gas turbine vane which has the cooling 
hole according to claim 2 or 3 forming by a charge of a wood ceramic material with which wood or a cane 
was impregnated in phenol resin, and which carbonized a carbonaceous material after hardening. 
[Claim 5]An execution method of thermal insulation covering of a gas turbine vane which has the cooling 
hole according to any one of claims 2 to 4 carrying out thermal spraying after forming stuffing with the paste 
which mixed phenol resin and carbonaceous powder and carrying out heat cure of said phenol resin. 
[Claim 6]An execution method of thermal insulation covering of a gas turbine vane which has the cooling 
hole according to any one of claims 2 to 5 forming stuffing by a rod-like structure which consists of a paste 
which mixes phenol resin or phenol resin, and carbonaceous powder, and a charge of a wood ceramic 
material. 

[Claim 7]An execution method of thermal insulation covering of a gas turbine vane which has the cooling 
hole according to claim 5 or 6 mixing an additive which can prevent a flow which this paste gives to a paste. 
[Claim 8]An execution method of thermal insulation covering of a gas turbine vane which has the cooling 
hole according to any one of claims 2 to 7 making a means which can be removed behind into a means to 
which oxidation combustion of the carbonaceous material is carried out. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
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[0001] 

[Field of the Invention]This invention on the surface of the gas turbine vane which has a cooling hole 
(cooling air is blown off and overheating of a turbine blade is prevented with the film of air) of two or more 
detailed diameters. It is related with the method of constructing efficiently thermal insulation covering (it is 
described as Thermal Barrier Coating and the following "TBC"), without making these cooling holes 
blockade. 
[0002] 

[Description of the Prior Art]Drawing 1 is an important section cross-sectional view showing an example of 
the gas turbine vane which is an object of this invention. In drawing 1 , since the gas turbine vane 1 is put to 
hot gas in an outside surface, it is manufactured, for example with a Ni group alloy or a heat-resistant alloy 
like a Co base alloy, and carries out the plasma metal spray of the charge of a ceramic material which uses 
zirconia as the main ingredients to the surface, and forms TBC2 in it. 

[0003]Two or more channels 3 are established in the inside of the gas turbine vane 1, and form these 
channels 3 and two or more cooling holes 4 open for free passage, and he makes compressed air etc. blow 
off from the cooling hole 4, and is trying to form a cooling film in the surface of TBC2. In this case, the 
thickness (********) size of TBC2 is formed in 0.2-0.7 mm, and the diameter dimension of the cooling hole 
4 is formed in 0.8-1.2 mm, for example. 

[0004]After facing manufacturing the above gas turbine vanes 1 and forming TBC2 in the surface of the gas 
turbine vane 1 beforehand, the electric discharge machining method which processes the cooling hole 4 is 
proposed by JP,63-1 50109,A and JP,8-229740,A. 
[0005] 

[Problem(s) to be Solved by the Invention]However, the above-mentioned conventional method is 
inapplicable also to the method of reproduction construction when reusing the gas turbine vane with a 
cooling hole which could not apply a cooling hole to the execution method of TBC processed previously, and 
was already used once. 

[0006]Namely, before forming TBC2 in the surface of the gas turbine vane 1, it is comparatively easy to 
process the cooling hole 4, but. Since a thermal spray material will advance into the cooling hole 4 and these 
cooling holes 4 will be blockaded when forming TBC2 in the gas turbine vane 1 which has the detailed 
cooling hole 4 by thermal spraying, it is necessary to mask the cooling hole 4. However, construction of 
masking which bears the high temperature atmosphere of blast processing of a ground and thermal spraying 
is not easy, and there is a problem that the removing method of masking which should be formed in the 
surface of the gas turbine vane 1 is not known. That is, what can be used as a masking material which can 
be used since the cooling hole 4 is blockaded is not known, and there is a problem that removal of the 
masking material after forming TBC2 is difficult, and removal of a masking material cannot be performed 
depending on the case. 

[0007]This invention solves the problem which exists in the above conventional technologies, and makes it a 
technical problem to provide the method of constructing TBC efficiently on the surface of the gas turbine 
vane which has a cooling hole. 
[0008] 

[Means for Solving the Problem]In this invention in order to solve the above-mentioned technical problem, 
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A cooling hole of a gas turbine vane which has a cooling hole is filled up with stuffing which has a means 
which can be removed behind, Thermal spraying of the substrate metal layer was carried out to the surface 
of a gas turbine vane filled up with said stuffing, it was formed in it, thermal spraying of the charge of a 
ceramic material which uses zirconia as the main ingredients on the surface of this substrate metal layer 
was carried out, thermal insulation covering was formed, and technical means of preventing a blockade of 
said cooling hole were adopted by finally removing said stuffing. 

[0009]In this invention, it can form with material carbonized when stuffing is heated in a carbonaceous 
material and/or a non-oxidizing atmosphere. 

[0010]In the above-mentioned invention, after hardness of a carbonaceous material after carbonizing a 
carbonaceous material and/or material to carbonize is filled up with stuffing which is size, respectively, blast 
processing of the Shimoji surface of a gas turbine vane which should carry out thermal insulation covering 
can be carried out. 

[0011]In the above-mentioned invention, it may form by a charge of a wood ceramic material with which 
wood or a cane was impregnated in phenol resin and which carbonized a carbonaceous material after 
hardening. 

[0012]In the above-mentioned invention, stuffing is formed with the paste which mixed phenol resin and 
carbonaceous powder, and thermal spraying can be carried out, after carrying out heat cure of said phenol 
resin. 

[0013]In the above-mentioned invention, stuffing can be formed by a rod-like structure which consists of a 
paste which mixes phenol resin or phenol resin, and carbonaceous powder, and a charge of a wood ceramic 
material. 

[0014]Next, in the above-mentioned invention, an additive which can prevent a flow which this paste gives 
to a paste is mixable. 

[001 5]A means which can be removed behind can be made into a means to which oxidation combustion of 
the carbonaceous material is carried out in the above-mentioned invention. 

[001 6]Usually, before constructing a substrate metal layer by LPPS (low-pressure plasma spraying), in 
order to secure adhesion with a substrate of this substrate metal layer, blast processing of the surface of a 
gas turbine vane is carried out. In order to form TBC which consists of zirconia on the above-mentioned 
substrate metal layer, plasma flame thermal spraying by non-oxidizing gases, such as argon, is usually 
adopted. 

[0017]Therefore, you are made to remain stuffing at the time of construction of a substrate metal layer and 
TBC, if stuffing is the material carbonized in a carbonaceous material or a non-oxidizing atmosphere, 
without making it burn and disappear, a carbonaceous material used for stuffing and material heated and 
carbonized — hardness — size — material and hardness — size — stuffing can be prevented from being 
exhausted by wear on the occasion of blast processing or thermal spraying if what becomes carbide is 
chosen. 

[0018]Even if it is the same carbonaceous material, black lead is soft and it is easy to wear out, but since 
carbide of phenol resin and wood ceramics with which wood and a cane were impregnated and which 
carbonized phenol resin are hard carbonaceous materials, it is not easily worn out at the time of a blast. 
[0019]On the other hand, each of alloys of a gas turbine vane, and thermal-spraying substrate metal layers 
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and TBC consist of material which does not carry out oxidation damage even if it heats to 800 ** in the air. 
Therefore, by heating a gas turbine vane after giving stuffing and constructing TBC at 650-800 ** in the air, 
stuffing which consists of carbonaceous materials is burned and it can remove. 
[0020] 

[Embodiment of the Invention]The 100 mm squares which consist of Ni-based-superalloy Inconel 738LC 
which is an example of the component of a gas turbine vane first, Press fit immobilization of the stuffing 
which provides plurality in a plate with a width dimension of 5 mm, for example in the lengthwise direction 
pitch of 5 mm and the transverse direction pitch of 15 mm, and becomes from five kinds of materials shown 
in the following table 1 at these inclination holes at it about an inclination hole (angle of inclination of 35 
degrees to a plane surface) 1.0 mm in diameter was carried out. 
[0021] 



[Table 1] 



mm 




Nft 


1 






2 






3 






4 






5 







[0022]In Table 1, a willow toothpick is used, impregnating postcure of the densified wood is carried out 
under decompression of aquosity phenol resin, it is made, and wood ceramics inserts in the rod-like 
structure of densified wood in a crucible with charcoal powder, and carries out 2hr heating carbonization at 
600 ** at the rod-like structure of example No.1 and 2. 

[0023]After carrying out surface roughening of the monotonous surface which carried out press fit 
immobilization of the stuffing to an inclination hole by blast processing as mentioned above, CoNiCrAlY is 
formed in a thickness of 0.1 mm by LPPS (Low Pressure Plasma Spray) as a substrate metal layer 
(thermal-spraying temperature of 1000-1500 **), Subsequently, the plasma metal spray of the TBC layer 
which consists of zirconia (Zr0 2 ) stable by Y 2 0 3 was carried out to a thickness of 0.3 mm (thermal-spraying 
temperature of 2000-3000 **). 

[0024]Since atmosphere is among an anoxia state or the high temperature atmosphere which mainly 
consists of a non-oxidizing gas at the time of the above-mentioned thermal spraying, the stuffing which 
carried out press fit immobilization into the inclination hole does not burn, but densified wood and phenol 
resin stop only at carbonizing. After thermal spraying, the plate was heated in an air atmosphere, stuffing 
(700 **, 1hr) was burned, and it removed. 

[0025]When the plate after the above-mentioned thermal-spraying processing was cut and the cooling hole 
was observed, stuffing did not remain in the inclination hole but, as for what is depended on example No. 2 
and 5, the phenomenon in which a substrate metal layer and TBC invaded in part also in an inclination hole 
was seen. In order to contract in the process which stuffing and phenol resin carbonize during the 
above-mentioned processing, the fixing force between the inner surfaces of an inclination hole is 
insufficient for this, and it is presumed to have dropped out of the inclination hole. Although what is 
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depended on example No.1 had little contraction [ as / in above-mentioned example No. 2 and 5 ], there 
were few rates of the stuffing which remains because of shortage of the fixing force between inclination 
holes. 

[0026]On the other hand, the thing to depend on example No. 3 and 4, Between inclination holes, the phenol 
resin applied or impregnated on the surface of stuffing acted as adhesives, and carbonized and stopped with 
heating in a vacuum, having maintained the fixing force of stuffing and having remained in an inclination hole 
was admitted, and it was checked that it is effective as stuffing of an inclination hole. As a result of carrying 
out micro observation of the vertical section of an inclination hole, invasion into the inclination hole of said 
thermal spray material was not accepted. When the inside of the cooling hole after heating a plate at 700 ** 
in the air for 1 hour was investigated, all the stuffing of carbonaceous had burned and disappeared. 
[0027]Next, the result of having carried out press fit immobilization of the various stuffing, and having 
performed thermal spraying to the gas turbine vane of the shape shown in drawing 2 is described. Drawing 2 
is an important section top view showing an example of the gas turbine vane which consists of 
Ni-group-alloy Inconel 738LC, It is formed in the width dimension of about 130 mm, and about 250 mm in 
overall length, for example, the cooling hole 4 0.8-0.9 mm in diameter does not have the 1st row, and two or 
more the 5th row of gas turbine vanes 1 are formed in 11-1 5. It press-fit-fixed or these cooling holes 4 were 
filled up with the stuffing which consists of seven kinds of materials shown in the following table 2. 
[0028] 
[Table 2] 



mm 


1*1 § 


Na 




1 1 




1 2 


K?y Fir 5 5 y^xmm^m^^cry^-T, h£^ffi 


1 3 




14 




1 5 




1 6 


vy v^B.y^xmm<D^\zy^y-jmm^m^ 


1 7 


^y Y^y%y^7mm<^^\zmm^-7, vmm 



[0029]The wood ceramics rod-like structure with which the examination of Table 2 was presented buries to 
charcoal powder, carries out 1hr maintenance and makes 600 ** to impregnate a willow toothpick with 
aquosity phenol resin (product made from Sumitomo DEYURESU SUMIRAITO resin PR5078-1), and 
carbonize phenol resin after heat cure. 

[0030]The paste used what added said aquosity phenol resin to the charcoal powder which broke the 
commercial Bincho charcoal (hard charcoal) in the mortar, and was kneaded at ordinary temperature. The 
hardness (viscosity) of a paste is adjusted with the mixed amount of phenol resin, for example, hydroxyethyl 
cellulose 20 weight section and about 25 weight sections of aquosity phenol resin mix the paste of large 
viscosity to Bincho charcoal powder 100 weight section most. Next, the paste of large viscosity, inside 
viscosity, and ****** adds aquosity phenol resin to the aforementioned paste one by one, and lowers 
viscosity, and the paste of large viscosity shows the viscosity about a "kneading candy." The hydroxyethyl 
cellulose was mixed for the paste and the "lappet" after construction of a paste was prevented to it. 
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[0031]Since the above-mentioned wood ceramics rod-like structure is made from the willow toothpick and 
it has become a taper, it can press fit in all of the cooling hole where sizes differ, and an excessive portion 
can be folded and removed. The paste applied to the above-mentioned rod-like structure can carry out the 
mask of TBC being constructed to the portion to which it could be made to adhere so that it may heap up 
around a cooling hole, and the paste adhered. 

[0032]The distributive-pouring machine made from the plastic of 0.2-ml capacity was filled up with the 
paste, and it extrudes by hand and was made to fill up with the example of example No.13 which formed 
stuffing only with a paste, and 14 in a cooling hole. 

[0033]It faced press-fit-fixing or filling up the cooling hole 4 of the gas turbine vane 1 shown in drawing 2 
with the stuffing formed as mentioned above, example No. 11 and 12 [ row / 1st ] were respectively 
addressing[ more than to half / about ]-constructed to the right and left of 11, and example No.13 and 14 
[ row / 2nd ] were respectively addressing[ more than to half / about ]~constructed to the right and left of 
12. Example No.15 - 17 [ row / 3-5th ] carried out press fit immobilization 13-15, respectively. After 
press-fit-fixing as mentioned above or filling up the cooling hole 4 with stuffing, phenol resin was stiffened 
by carrying out 2hr maintenance of the gas turbine vane 1 at 120 **. 

[0034]After carrying out blast processing of the surface which constructs TBC similarly in said Examples 
1-5 to the gas turbine vane 1 which gave the above-mentioned stuffing and performing predetermined 
thermal-spraying processing, it heated in the air and combustion removing of the stuffing (700 **, 1hr) was 
carried out. The state which constructed stuffing for the masking effect of the cooling hole 4 by stuffing, the 
state which constructed TBC, and stuffing were evaluated, respectively, where combustion removing is 
carried out. 

[0035]In Examples 11 and 12, although the paste applied to the rod-like structure adhered to the 
circumference of the cooling hole unequally and the tendency united with the paste of the cooling hole 
which sometimes adjoins was accepted, it has a function of stuffing made into the purpose. 
[0036]Although the thing of Examples 1 3 and 1 4 uses only a paste as the stuffing of a cooling hole, Although 
control of the injection rate of the paste to a cooling hole was difficult, since the hydroxyethyl cellulose was 
mixed, the lappet of a paste is not accepted but it has the target function mostly as stuffing of a cooling hole. 
[0037]Next, in the stuffing which pressed fit only the rod-like structure of the wood ceramics of Example 1 5, 
the same result as the thing of the above-mentioned Example 1 was brought, the rod-like structure fell out, 
and many ** were accepted. On the other hand, in Example 1 6, by having applied phenol resin on the surface 
of the rod-like structure, the above fell out and the phenomenon was able to be prevented. 
[0038]In the example which used the soft paste of Example 17 together, it can change into the state where 
the paste was moderately dished up around the cooling hole pressed fit, and construction is easy, and it has 
a function of the purpose as stuffing. 

[0039]In the above-mentioned example, although the example which uses a willow toothpick was described 
as a material which forms a wood ceramics rod-like structure, a cane may be used in addition to this, and 
also other wood can be used. When the intensity after considering it as a wood ceramics rod-like structure 
is taken into consideration, the wood which becomes hard charcoal like oak material is good, and also since 
the cooling hole is a diameter of a stoma, it is preferred to use the toothpick of a taper, a bamboo skewer, 
etc. for a raw material. 
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[0040]As carbonaceous powder which should be mixed during a paste, it is not limited to Bincho charcoal 
powder, but the powder of other carbonaceous materials can be used, and resin is good in it being material 
with much carbon residue, when it heats in a non-oxidizing atmosphere like phenol resin. As for the stuffing 
of a cooling hole, in order to avoid wear by blast processing, it is preferred to use the carbonaceous material 
which is hardness like wood ceramics and as for which size becomes. 
[0041] 

[Effect of the Invention]Since this invention has above-mentioned composition and operation, it can 
process a cooling hole before construction of TBC when manufacturing the gas turbine vane which has a 
cooling hole, and. Re-construction of TBC can be performed to the gas turbine vane with a cooling hole 
used once, and it is effective in the ability to construct quality TBC to a gas turbine vane. 
[0042]If a carbonaceous rod-like structure and a paste are used together, construction of stuffing becomes 
easy, and applies the paste to the inclined plane not to provide TBC of the cooling hole lower stream in, and 
the cooling unit which does not construct TBC can be formed. 
[Brief Description of the Drawings] 

[Drawing 1] It is an important section cross-sectional view showing an example of the gas turbine vane 
which is an object of this invention. 

[Drawing 2] It is an important section top view showing an example of a gas turbine vane. 
[Description of Notations] 

1 Gas turbine vane 

2 TBC 

3 Channel 

4 Cooling hole 



[Translation done.] 
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MNo. Ha^t^Ji, ±IH^S8lMNo. 2, 5tc43^a 

[0 0 2 6] LWcMLt, ggSKMNo. 3, 4tC<fcSfe 

IS*>\ «f4?L^^ra^43^TffiSSrJi:LTfffflU 

b T«?4?Lf*J fc:£g# b T ^ « c i: Kft 6 
n, «gWL<Pi#»fc Ltf? m^c fcggggn feo 

No. 
1 1 
1 2 
1 3 
1 4 
1 5 
1 6 

! 1 7 

[0 0 2 9] g2©i»((:fiLfe!>7 F-fe^5*y^X» 
X^7^h P R 5 0 7 8 - 1 ) ^^S?t N 7 

x y — ;!4(Wi*ftiSWIiSffc^ K^^a^T 6 0 0^1 

[0030] ^-xb^ mis^fi*K m 

«ia-eiil«bfcfeo*ffifflb7fco ^-xhco®^ ess 
S) ^7x7-;W||(DM^M^ii^b/cfe^^fet), 
Mitilfe^g^-xh^, fSSJK^ioofiMgp 
t#Lt, HFn^>xf;Wn-X2 ofifi§^7j< 

;l/»flg»2 5fiMSKS#b7fcfe©^a&So & 40 
tc^RSfc TOiJS. tfAS^^Xhit MfB^-X 
h fcijKfcMt? x X — ;l/»flg*ilin b TSSflE*Tfffe fe 

nj *B&ifcbfeo 

[0 0 3 1] _tfB<D^y Ft557*X#«fttt^ 



7 0 0 °C^C 1 ^HfinS»bfea<D}^SI?LtDF«gfif|5*ilS 

/Co 

[0 0 2 7] ^C02^ k T®tt6D^fX^ — ev«c« 
* OWWSEEAHS b T »»*fr ft ^ Tfc Kgmtco I ^ TIB 
H^TSo EI 2 fctN i g^^fe Inconel 738LC 
6 ft « #X tf M*^S»¥BBI"e3B 
If^Kl fcfcifl>fffi#jl 3 0 mm, 2 
5 Omm^Jgj^^n, M*.fcf*gO. 8—0. 9 mmCO^gfl 
?L 4 ^fg l 3*Jft^ big 5 n l l-l 5 telKBMBRfrt 6 n 
Tl^o o n 5 ^SP?L 4 frcTf 2 fcl^T 7 flMcD W 

[0 0 2 8] 
[g2] 



ftSCfctf^ ^-X h*M>f»bfegP^CT B 

[0 0 3 2] Sfe, BS%*^— XhOWa^TML 
/cilMNo. 13, 14 ©M^ii, 0.2ml Sfi(D7°^ 
X^y ^«0^«tC^-X h^«bT^Sf?LP^^# 

[0 0 3 3] ±fH©ct5tC}gjSbfeSS%r^ g2^gt 

*rx*-evH i <d^£p?l 4 tcBEAHSafe^arrs 

fc:B£U ilMNo. 11, 12 1 #1 1 1 

tc^assassixb^ hwjno. 13, 1 A^^mzn 

1 2(D£^cfi««Ib/c 0 SfciliNo. 1 5- 
1 7^*^3 — 5^11 3-1 5tflEXH£Lfto ±IH 
CO i «5 l£ bTS§#J^£P?L 4 fc£EAHSSfe^«{bfe 
^ If ^Sl *1 2 0°CT2 h rGmT&ZLt 

[0034] ±tH<DK%*ssbfe«rx^— evm tc^ 

b, MfH^ffiMl — 5tcfe^Sfc|W[«fcT B C^rffiX^r 

^fpT^br (7 0 o°c. 1 h r ) wm^mm 

ftSLfto HS»cj;a^^4cDVX4 1 V^m^ IS 
MlL/cm TBC^lIL/c«IfeJ;ffifte 



[0035] mmm 1 1 , 12 tc^t^ #w*tcm 

[0 0 3 6] HSfiM 1 3, 1 4©feOti, 
*^SP?LcD|S#J^ L/cfe©-r-fe§*\ ?££|J?L^©^-X 

[0 0 3 7] ^tllll 5©?y Ft^^y^Oi 
[0 0 3 8] H5ffiM 1 7©tM^-Xh?:fMLftM 

f^j t l t a S5©^ig^r#-r 3 1 © o fee 

[0 0 3 9] ±IE©Hffi^iJfc*3t/^Tt±, ^-yFt??? 

^ y * x#«f* i: vrc'&<D3kmtt3sm~?% t, nw© <£ 
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[0 0 4 0] gefc, ^-X F^fcM^^^KiRR 

»o»**ffiM-r s c t # ? * , mmi±yx.y -;vmm 

[0 0 4 1 ] 

sct^fe, ?$si?L*wt* evK©«f^fcis 

[0042] Stc, K*Jt«itt{*k^-x F fc*#M-r 
nti\ tSWOfl^tfgSfcftiK ?WLTM©> TBC 
frWrtflt < ^MSf-Wf^— X F^MJLTfc^, TB 

[HBcoffi^-^fJH^] 

m 1 ] *%io^tfc«^x^-eyio-i^ 

[0 2] j5fX^-e^R©-M*^SaP¥BHT?* 

^ o 

1 **x^-eyi 

2 TBC 

3 ffi.$& 

4 ?$iWL 




&mmmmmm#mmn 2 t a 1 # 1 # ^j»«w#m^#BrfT^ 2 t a 1 # 1 
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F & — 3G002 BA08 BB04 CA13 CB01 EA05 

EA08 EA09 
4K031 AA02 AB03 AB08 BA01 CB22 
CB27 CB42 DA04 FA13 



